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© Unidirectional fluid valve. 

© The exhalation valve of a respiratory face mask, while 
taking up only a small area, can afford extraordinarily low 
pressure drop for easy breathing if constructed with a valve 
seat having a seal edge that defines an orifice and also forms a 
parabola in the plane bisecting the mask. Preferably the seal 
edge forms a rectangle as viewed against the direction of 
composite fluid flow through the valve, and a flexible flap is 
attached to a bridge across the center of the orifice at the apex 
of said parabola, each end of the flap being free to be lifted to 
allow fluid to flow through the valve. 
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Description 

UNIDIRECTIONAL FLUID VALVE 
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Background of the Inw ntinn 
5 ■ 

1. Field of the Invention 

X^^J^SSSfSi^ eSP6Cia,,y ^ ^ ° f ■ -P'-torface mask 

10 2. Description of the Related Art 

front of the wearer's mouth and nose. Increal^he 2 t * Mon valve direct| V in 

efficiency, or functional life, and lowers th bSnoret^Lt ^Z' 9 ^ 9 f ™ tor8 inCreases the fl,terin 9 
exhalation valve if the exhalation valve h^^^X^S?' T y r T' re a reduction in the size <* *e 
reduction in the size of the exrSX vaXc eases tS^ST 11 21* ° f * he u Wearer ' s fleld <* vlston. Any 
more difficult for the wearer to breathe P f ° P thr ° Ugh the exha ' a «°n valve, making it 

ori£e SSSS ctsed^ a " --'--at at the periphery of an annular 

seating against the edge 4i y 6 of tL seat 41^(cd ^ 

B to the dotted position when the user exhSes ^ X6S the direction of the arrows 

exc^t^^ 

aligned ribs so that upon being lifted off h > sea hT , ^ d h3S been formed with diametrically 
25 surface. By doing so^he flapshT^ 

when its entire circular periphery is l«ed t^he S exlert 9 ^ Se3 ' rWge Va ' Ve seat than 
valvl^ 

direction of arrows A to the dotted shaoe durinn^nha?^- ? & dlsMike fla P 338 bein 9 "™ed in the 

30 in a concave manner (vieweffrorn the outS so as ?o mTveS ^ ST ^ P 338 * Said to be '«*»" 
the popping associated with prioTart valves" (col " 8 ^IttZZ*^ fr ° m * Seat '' n9 SUrfaCe - This avoids 

3. Other Related Art 

-5^^ v^ves which would not be usefu. as 

invention could be put. One S ^hese ! ™ Stent No 7^1 HI Unid,recti ° nal ^Ives of the present 

adapted for use in pumps working ^t'h^SmmK (S t Chmidt 1 concems a valve which is especially 
vacuum pumps. It shows in a ^^^Sr^ t,rtlneS - ^^P^soVs, and" 

and formed with passages 9 that can be closed ^tTi, ^ ° f f P ° rti ° n ° f & Cylindrical surface 
rectangular or may hav > the shai^S^a^saSKS,** 8 "T" f ° rm - ^ Sprin9 ' which ma V be 
the pos.tion shown in Pig. 1 to^uid^ 

Summary of the Invention 

a M. M being , s.M ,%, SXl ^SS^^^T: a . M .>^ M ^^^- 
« wage extending .cross ttooS ,na < " lto te » » """Mlir unrestrktol inlet, 

pressure drop »*,„„, tariutaSJS SSS T^" 9 ,"' °T "r""" 0 a rM «°" " *• 
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the valve seat forms an inflection -free curve as viewed in the crossing direction of the bridge, the minimum 
radius of curvature of the curve is at the bridge, and both ends of the flap are free to be irfted from the asaJ 
edge. Preferably, the radius of curvature of said curve gradually increases from the attaching brkfge toward 
each of the outer extremities of the seal edge, thus minimizing the danger of the Ttep bridging an intermediate 
portion of the valve seat. A preferred curve approximates a .parabola. § 

When the seal edge of the valve seat forms an inflection-free curve as viewed in the direction of the attaching 
bridge, the flap may be formed from a fiat material, e.g., by being cut from a ftat sheet cf imtform thioknass. The 
material preferably is selected so that a bias is created toward the valve seat when the flapte attached to 4be 
bridge. The bias may be increased by increasing the thickness of the flap, but such increase raises £ie 
pressure drop across the valve. When the thickness of the flap has been doubled in testing, the .pressure &K*p to 
has increased more than 50 percent. The sheet preferably is elastomeric and is selected *o be resistant *o 
compression set in long-term storage or use, including incidental exsposure to high temperatures. 

When the seal edge of the valve seat appears as a substantially straight line as viewed in the direction of the 
bridge, the flap preferably is formed so that its inner face is normatty concave before being attadhed *o &e 
bridge. * 75 

Preferably, the seal edge of the valve seat comprises a rounded seal ridge, and the radius of curvature of the 
seal ridge in cross section is from one-half to twice the thickness of the flap. A smaller radius of curvalure 
would provide a better seal, but this would tend to make the seat ridgemore expensive to manufacture. While a 
larger radius of curvature would be more economical, the seal may not be as reliable. 

When the seal edge of the valve seat lies in a parabola as viewed in the direction of the attaching bridge, thai 20 
bridge preferably is at or near the apex of the parabola, and the aforementioned angles with respect to each 
end of the flap are substantially equal. When so constructed for a respiratory f ace masK ft usually is desirable 
for the orifice of the valve seat to be narrower in the direction of the flap-attaching bridge than it is in tbe 
orthogonal direction. By then orienting the valve so that its longer dimension lies in the plane bisecting the 
mask, inhalation filters at the cheek areas can be closely spaced. When so oriented, -gravity assists in keeping 25 
the lower end of the flap seated when the wearer is upright, but gravity-works against seating of the.upper end. 
Accordingly, for uses in which respiratory face masks are always kept substantially upright, ft may be desircfcte 
to make the valve asymmetric by forming the valve seat and the flap so that the portions of the orifioe and flap 
above the attaching bridge are smaller than those below the bridge. By the same tcten.it may be desirable to 
position the flap-attaching bridge somewhat closer to the upper extremity of the seal edge than to the lower 30 
extremity, in which event it may also be desirable to reduce the radii of curvature of the upper portian of the 
aforementioned inflection-free curve. 

To attain the lowest pressure drop across a novel vaJve which has been constrained in width by the space 
between cheek filters, the orifice and flap usually are as long as possible within the available frontal area, thus 
minimizing the pressure drop. However, if the flap is too long, it might not have sufficient resilience tofcecome 35 
quickly seated and to resist extraneous unseating forces. 

The bridge to which the flap is attached can form one extremity of the orifice, with only one end of the Hap 
being free, but when the valve is to serve as an exhalation or inhaJation vaive of a respiratory face mask, the 
orifice and flap preferably extend away from both sides of the bridge. 

. When the novel unidirectional fluid valve serves as the exhalation valve of a respiratory face mask, the free 40 
end or ends of the flap present little resistance to being lifted from the valve seat when the wearer exhales. In a 
prototype which has a parabolic vaive seat with the flap attached at the apex, that resistance is far less than the 
resistance of any prior valve of comparable frontal area of which I am aware. Upon being fffted when the wearer 
exhales, the flap of the prototype inherently assumes a curved shape that apparently heips to make air ftow 
through the valve more smoothly. For the same reason, the prototype valve preferably is fitted with aninlet beH. 45 

The Drawing 

In the drawing, all figures of which are schematic, 

Fig. 1 is a perspective view of a respiratory face mask in which the aforementioned prototype valve of 
the invention serves as the exhalation valve; $q 

Fig. 2 is a fragmentary cross section through the valve of Fig. 1 as viewed in the crossing direction 
the central bridge and along aplane bisecting the face mask; 
Fig. 3 is a cross section along line 3-3 of Fig. 2; 

Figure 4 is an enlarged cross section of the right hand portion of the valve of Fig. 2; and 
Each of Figs. 5 and 6 is a perspective view of an exhalation valve as iiustrated in^Figs. 1-3 exceptbeing $5 
fitted with a different cover. 
As seen in Fig. 1, a respiratory face mask 10 includes a pair of air-purffying filters t2 in the cheek areas, 
between which an exhalation valve 14 of the invention is mounted directly In front of the nose and mouth of a 
wearer. The seat 16 of the valve isa molded plastic lattice having a rounded.«eal ridge 18:which has a parabolic 
profile as viewed in Fig. 2 and forms a rectangle as viewed against the direction of com postte fluid flow which is 60 
indicated by arrows 34. Extending between the long sides of the rectangle are a central bridge 19 and four 
other bridges 20 which divide the orifice within the seal ridge 18 into six ports 21. Attached to the central 
bridge 19 by a cover 22 is a rectangular, flexible, elastomeric flap 24 which normally rests on the seal ridge 18, 
thus closing the orifice. The cover 22 includes a grill 25 to shield the valve against ^debris. 
In the valve 14 as shown in Fig. 2, the angle P is 62° between a first line orthogonal to the teer : feoe nrf 1fce m 
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the *nlXS?T Bm * 26 ° f ^ Sea ' ed9S 3nd 8 S6COnd ,ine °*ho g ona. to the inner face of the f.ap at 

surface of each of the bridges 19 an? 2C Ms eL SLETS TJ" ^ reVerSe air f,ow - The 

thus ensuring that none of The M^mS^SS^l ^sightly recessed beneatn fte sefl| 
sealing force can be Increased bTmorV^^^ 

A rectangular flange 28 around the valve 14 Is iS^f f C8USe the flap t0 buckle - 
formed with the face piece is a fn el bel 32 th fiESff ^ 3 reSp,rator ta 'l*" 3 °- Integrally 

ridge. 18. When a wearer of the fac TmSk 10 exhSs Ths tlZ™'? 8 ^ COincides «■* the seal 

the free ends of the flap 24 off the seaTridge 1 TS^nl th X ™ ^ the direCtion of arrows 34 
by dotted lines 24a. The curved shaS "2 °J» fSSffiJS h ££™ f^T* Shape '' ndica,ed in Fi 9- 2 

-SET! 5K tta-i»5^ S?S« - —V ™— with the vaive as . 

culture* when the wearer inha.es. the radius of 

For economy, the valve Lat Dreferab^an in^r ' ^ ?"f a PP roximatin S *e thickness of the flap 24 
the sea. ridg'e has a U J£* fZT * "* "* moW h "*» P °' ished 80 that 

P«r of composite fluid f,ow is 

a truncated diamond construction, it could have other shapes such as an ellipse, a cross or 

EXAMPLE 1 
fla.^ed^ 

thickness c?0.76 mm, ^TcSS^SZ form TJZTJT? 1 ^ P ° ,yStyrene Sheet ha ™9 a 
which were rectangular in cross sectfon The ^1 h?h n « M Cm Width and crossed b V flve bridges 
cm in breadth. The depth ^^S^^?^ ^ br6adth and the 0ther W O20 
edge was 3.26 cm. The flap ^^(1^^ t^f^ 1 ?L 8P !! n fT" 1 the 0Uter extr <^«es of the seal 
Rubber Company Minneapolis, MN] 6 sfmm ? thickness Alnaorthn T 9 " m , rubber (N °" 2932 - 71 = N °" 
center of the outer extremity of the seal ,X , < °*°9 onal t0 the "™r face of the flap at the 

through the valve ^ °'theseal edge formed an angle of 65° with the direction of composite fluid flow 


i EXAMPLE 2 


anJ t^w^ seat was 1.35 cm. said angle was 60", 

However, to make those ports Zg^SSS^^ZV^ orrf ' ce t we ^ smaller than those of Example 1 
face mask when used as an exEor ^ valve reqUlredtheVa,Vetotakeu P mor « frontal area of a respiratory 

COMPARATIVE EXAMPLE 3 

3.27ctaT^r^^ 

flow of 85 liters per minute at ^^^SS^^S^T* ^ ^ UpWard air 

measured. Average resu.ts of 3 vaJs of ^S^^!^^ T S^ Va,Ve 
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TABLE I 


Pressure- 


(-mm- HvQ:j: 

Example 1 3.8 
Example 2 6-2 
Comparative Example 3. 7.$. 


.TABLE II 

Pressure Prop 


Example 4 3^3 
Example 5 2.1 
Comparative Example 6 3.1 


EXAMPLE 7 

A valve as in Example 2 was modified by (1) reducing the breadth of the bridges 20 to 0.15 cm, (2) increasing : 
the orifice width to 1 .0 cm. (3) adding an inlet bell 28 as illustrated in Fig. 2 and a cover as fifustr&ted in Figs. 4 of 
the drawing, and (4) forming a clay air foil smoothly connecting the edges of the cental bridge 19 with the 
inside edges of the openings 46 and 48 of the cover 40. Results of single pressure-drop tests are reported in 
Table HI. 


TABLE III 

Pressure Drop 
(mm H .0) 

Example 7 

(with cover, air foil 4.7 

and inlet bell) 
(with cover and air foil, 5.3 

no inlet bell) 
(with inlet bell, no cover) 4,0 
(cover, no air foil or inlet bell) 6,3 
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EXAMPLES 4, 5, AND COMPARATIVE EXAMPLE 6 ?* 

Valves of Examples 4, 5 and Comparative Example & were made as in Examples,. 1, %, and Comparative- 
Example 3, respectively, except that the orifice widths were 2.t&cm and.the flap widths were £54 cm. Resitts 
of testing three of each example are reported in Table 
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A change that can be made in the novel valve Is to make the flap thinner toward its free ends, and thte would 
afford less resistance to opening. However, a flap of uniform thickness as In the above example efcpLrtd ;fce 
more economical, and fully satisfactory : f or most purposes. &$ 
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The flap may be two pieces with an edge of each piece attached to a bridge, in which event the attaching 

°f ! I ? r !? 9e may r 6 y- sha P ed - ,n this event - the *» orthogonal to the inner face of the flap at the 
center of the bridge may lie in the plane bisecting the V-shaped bridge surface 

Although the novel valve is primarily intended for use as the exhalation valve of a respiratory face mask it 
Z iS^f a " ' nhalat,on valve Because inhalation valves do not involve space constraints comparable to 
the importance of keeping an exhalation valve small, the novel valve involves less advantage over the prior art 
in such use. The novel valve also should be useful for fluids otherthan air, including liquids .when«SS?ha 
need for a minimal pressure drop across a valve which must be relatively small in size. 


Claims 


1. Unidirectional fluid valve comprising: 

a valve seat having a seal edge defining an orifice which has a substantially unrestricted inlet 
a bridge extending across the orifice, and 

a flexible flap attached to the bridge with at least one end of the flap free to be lifted from the seal edqe 

t°h IS and f W !] e " the fla P rests on the seal ed 9 e - (U the flap completely covers the orifice. (2) 
the entire inner face of the flap is substantially flat in the crossing direction of the bridge, and (3) a first line 
orthogonal to he inner fece of the flap at the center of an outer extremity of the seal edge and a second 
line orthogonal to the mnerface of the flap at the center of the bridge intersect at an angle of greater than 

2. Unidirectional fluid valve as defined in claim 1 wherein the seal edge substantially forms a rectanqle 
as viewed against the direction of composite fluid flow through the valve 

infLr nid l re0ti0nal flU !. d V3l . Ve 35 defined in claim 2 wnerein the seai ed 9 e °f valve seat forms an 
hSr^f T Wed the direCtion of said brid 9 e - said curve bein 9 ^cave ™ viewed from 

the set! edge mtUK increasin 9 from the brid 9 e towaFd s ^ d outer extremity of 

4. Unidirectional fluid valve as defined in claim 3 wherein said angle is from 50° to 70° 

5. Un.d.rectlonal fluid valve as defined in claim 4 wherein said bridge extends across the center of the 
onf.ce, and both ends of the flap are free to be lifted from the seal edge 

6. Un.d.rectional fluid valve as defined in claim 5 wherein said curve as viewed in the direction of the 
oridge lies in a parabola, and said bridge is at or nearthe apex of the parabola 

roundedteal ridge ^ ™ C ' aim 6 Wherein th6 S6al Gd9e ° f the ValVS Seat com P ri ses a 

of fh B U «l i . r r i H t i 0nal /' Uid V3lVe u f. S defin9d in Claim 7 wherein the fla P is of uniform thickness and the radius 
of the seal ridge is from one-half to twice the thickness of the flap 

9. Unidirectional fluid valve as defined in claim 1 wherein several bridges cross the orifice and divide the 
orifice into a plural.ty of ports on each side of the bridge to which the flap is attached 

form= = ' r ?fK n ,f^ Uid V3lVe " defin6d in Claim 9 wherein the valve seat comprises a piece of plastic that 
forms an inlet bell, the inward face of which coincides with the seal edge of the valve seat 

rilim /mnM^I 806 haVing ?" exhala t ion valv * comprising the unidirectional fluid valve defined in 
claim 1 mounted directly in front of the nose and mouth of a wearer 

m^',r.l? Spira L 0, i ?° e m , aSk haVinS air -P urifvin 3 means in each cheek area, between which areas is 
mounted an exhalation valve comprising: 

a valve seat having a seal edge defining an orifice which has a sustantially unrestricted inlet 
a bridge extending across the orifice, and 

a flexible flap attached to the bridge with at least one end of the flap free to be lifted from the seal edge 
illlrr S8a J' the fl3p reStS ° n the seai edge ' (1 > flap completely covers the orifice, (2) 

^™lT[l aCe « 6 flap ' S substantia "y fat in the crossing direction of the bridge, and (3) a first line 
Mnp Z h , 6 ,aCe Pf th6 flap at the center of 30 ou,er extremit y of the seaT edge and a second 
than 1? Td ' nner SUrfaCe ° f 1 ' aP 3t the ° enter ° f the bridge intersect at an an 9 |e of areater 

the exhalation valve is mounted directly in front of the nose and mouth of a wearer 

rl 3 t' = A T SPira *° r maSk 33 defined in Claim 12 wherein the seal edae of the valve seat substantially forms a 
rectang e as viewed agamst the direction of composite fluid flow through the valve, and the side of said 

Sn^*X^' X ^ ° f S6al 6d9e iS SUbStantia " y Sh ° rter tha " iS 6aCh 0f ,he sides 
1£A respirator mask as defined in claim 13 wherein said bridge connects the midpoints of the long sides 
of the rectangular seal edge, and each end of the flap is free. 

15. A respirator mask as defined in claim 14 wherein the seal edge of the valve seat forms an 
at said [bridge 6 P ' an6 biSecting ,he mask ' and the m| nlmum radius of curvature of the curve is 

1 6. A respirator mask as defined in claim 1 5 wherein said curve forms a parabola, and said bridge is at the 
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apex of the parabola. 

17. A respirator mask as defined in claim 15 and having a plurality of additional bridges, each connecting 
points along the long sides of the rectangular seal edge and extending substantially parallel to the 
flap-attaching bridge, said bridges dividing the orifice Into a plurality of ports. 

18. A respirator face mask having air-purifying means In each cheek area, between which areas rs 
mounted an exhalation valve comprising: 

a valve seat having a seal edge defining an orifice which has a substantially unrestricted iniet, 
a bridge extending across the orifice, and 

a flexible flap attached to the bridge with at least one end of the flap free to be lifted off the seal edge of 
the valve seat, and when the flap rests on the seal edge, (1) the flap completely covers the offffce, {2} the 
entire inner face of the flap is substantially flat in the crossing direction of the bridge, and (3) a tine 
orthogonal to the inner face of the flap at the center of an outer extremity of the seal edge Intersects the 
direction of composite fluid flow through the valve at an angle of greater than 15° . 

19. A respirator face mask as defined In claim 1 8 wherein said bridge bisects said orifice, each end of fre 
flap is free, and said angles are equal as formed by each line (3) from the Inner face of the flap at each - 
outer extremity of the seal edge. 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


7 


Fic.l 



Fig. 2 




10 Fig. 4 

BEST AVAILABLE COPY 



Fig. 6 


This Page Blank (uspto) 


